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(54) BEARING DEVICE FOR AXLE OF ROLUNG STOCK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
bearing device for an axle of a rolling stock 
capable of improving an SN ratio of a signal. 
SOLUTION: This bearing device for the 
axle, of the rolling stock, comprises an inner 
ring having an inner ring raceway and 
externally fitted to the axle of the rolling 
stock, an outer ring having an outer ring 
raceway and internally fitted to a vehicle 
main body side of the railway vehicle, and a 
plurality of rolling elements rotatably held 
between the inner ring raceway and the 
outer ring raceway. This bearing device for 
the axle of the roiling stock has an outer 
ring thin part on a center of a contact width 
of the outer ring and the rolling element, 
and a thickness t of the outer ring thin part and a radial cross-sectional 
width H satisfy 0.75<t/H<1.05. Here, (radial cross-sectional width H) = (outer 
diameter of outer ring-inner diameter of inner ring) /2. 




CLAIMS 



[Claim(s)] 
[Claim 1] 

An inner ring of spiral wound gasket which has an inner race track and is 
attached outside an axle of a rail car. 

An outer ring of spiral wound gasket which has an outer race track and carries 
out inner fitting to the vehicle body side of a rail car, 

Two or more rolling elements held enabling free rolling between said inner race 
track and said outer race track. 

It is a bearing device for axles of a rail car provided with anti-friction bearing 
which 

An outer-ring-of-spiral-wound-gasket thin-walled part is provided in the 
center of contact width of said outer ring of spiral wound gasket and said 
rolling element, 

A bearing device for axles of a rail car, wherein the thickness t of said outer- 
ring-of-spiral-wound-gasket thin-walled part and the diameter direction 
sectional width H fill the following expressions of relations. 
0.75<=t/H<=1.05 
It is here, 

(Diameter direction sectional width H) =(outer-ring-of-spiral-wound-gasket 
outer diameter-inner ring inside diameter)/2 
[Claim 2] 

A bearing device for axles of the rail car according to claim 1 , wherein said 
outer-ring-of-spiral-wound-gasket thin-walled part is arranged at the load 
area of said anti-friction bearing. 
[Claim 3] 

A bearing device for axles of the rail car according to claim 1 or 2, wherein a 
sensor in which an output is possible is attached to said outer-ring-of~spiral- 
wound-gasket thin-walled part by making into an electrical signal a signal 
generated from said anti-friction bearing. 
[Claim 4] 

A bearing device for axles of a rail car of Claims 1-3 including in a cart of a 
rail car given in any 1 paragraph. 
[Claim 5] 

A bearing device for axles of a rail car of Claims 1-4 characterized by 
diagnosing existence of abnormalities of said anti-friction bearing based on 
information acquired via said sensor given in any 1 paragraph. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the bearing device for axles of a rail car, and relates 

to a bearing device suitable for abnormality diagnosis. 

[0002] 

[Description of the Prior Art] 

Conventionally, with the bearing device which supports the axle of a rail car 
enabling free rotation, in order to prevent inconvenient generating by the wear 
and breakage of bearing component part which are slide members, it is made 
to carry out a decomposition visual inspection periodically. 
This decomposition visual inspection removes a bearing from vehicles after 
use of the fixed time of vehicles, and decomposes, and the skilled special 
inspection person in charge checks the degree of wear of each component 
parts and the existence of a crack which were decomposed by viewing. By 
this check, if abnormalities, such as unevenness, wear, etc. which are not in 
new parts, are detected, it will exchange for a new article and will assemble 
again. 
[0003] 

[Problem(s) to be Solved by the Invention] 

However, this overhaul required the great labor for the disassembling 
operation which removes a bearing from vehicles, and the inclusion work 
which reassembles inspected bearing component part again, and there was a 
problem of causing large increase of maintenance and management cost of 
vehicles. 
[0004] 

For example, when reassembling, a possibility of becoming a cause by which 

the inspection itself induces the defect of a bearing also has giving the dent 

which was not before an inspection to bearing component part etc. 

In order to inspect many bearings visually by within a time [ limited ], there 

was also a problem that a possibility of overlooking a defect remained. 

In a visual inspection, individual difference arises in judgment of the grade of a 

defect, even if there is no defect substantially, it may be regarded as those 

with defective and a parts replacement may be performed, and cost also 

becomes starts vainly. 

[0005] 

On the other hand, the state of a bearing is observed using a sensor etc., and 
the technique of performing abnormality diagnosis is also proposed, without 
overhauling. However, when the signal to noise ratio of a signal is bad, the 
accuracy of abnormality diagnosis falls and there is also a problem that the 
reliability of a diagnostic result will be lost. 
[0006] 



In view of the above-mentioned problem, it succeeds in this invention, and it 
is a thing. 

It is providing the bearing device for axles of the rail car which can raise the 
purpose. 

[0007] 

[Means for Solving the Problem] 

The purpose of describing this invention above is attained by bearing device 
for axles of the following rail cars. 

(1) An inner ring of spiral wound gasket which has an inner race track and is 
attached outside an axle of a rail car. 

An outer ring of spiral wound gasket which has an outer race track and carries 
out inner fitting to the vehicle body side of a rail car, 

Two or more rolling elements held enabling free rolling between said inner race 

track and said outer race track, 

It has anti-friction bearing which ****, 

An outer-ring-of-spiral-wound-gasket thin-walled part is provided in the 
center of contact width of said outer ring of spiral wound gasket and said 
rolling element, 

A bearing device for axles of a rail car, wherein the thickness t of said outer- 
ring-of-spiraHwound-gasket thin-walled part and the diameter direction 
section H fill the following expressions of relations. 
0.75<=t/H<=1.05 
It is here, 

(Diameter direction section H) =(outer-ring-of-spiral-wound-gasket outer 
diameter-inner ring inside diameter)/2 

(2) A bearing device for axles of a rail car of (1), wherein said outer-ring-of- 
spiral-wound-gasket thin-walled part is arranged at the load area of said anti- 
friction bearing. 

(3) (1) or a bearing device for axles of a rail car of (2), wherein a sensor in 
which an output is possible is attached to said outer-ring-of-spiral-wound- 
gasket thin-walled part by making into an electrical signal a signal generated 
from said anti-friction bearing. 

(4) A bearing device for axles of which rail car of (1) - (3) including jn a cart of 
a rail car. 

(5) A bearing device for axles of which rail car of (1) - (4) characterized by 
diagnosing existence of abnormalities of said anti-friction bearing based on 
information acquired via said sensor. 

[0008] 

According to this invention, the signal to noise ratio is able to detect a good 
signal by attaching a sensor to an outer-ring-of-spiral-wound-gasket thin- 
walled part, and reading a signal in a bearing. This becomes the most 
remarkable, when an outer-ring-of-spiral-wound-gasket thin-walled part is 
provided in a load section which transmits a shimmy most strongly and a 



sensor is attached. Therefore, without disassembling a bearing device, it 
becomes possible to perform high-precision abnormality diagnosis, and labors 
concerning abnormality diagnosis can be reduced. 
[0009] 

[Embodiment of the Invention] 

Hereafter, the embodiment of the bearing device for rail cars applied to this 
invention based on an accompanying drawing is described in detaiL 
[0010] 

Drawing 1 is a sectional view showing the bearing device 200 for rail cars 
concerning this invention. The outer ring of spiral wound gasket 2 which the 
bearing device 100 countered the inner rings 3 and 3 attached outside the 
axle 10 of a rail car, the inner rings 3 and 3, and a diameter direction, and has 
been arranged. It is constituted by the double row tapered roller bearing 1 
which equipped each sequence with 4 and the cage 5 holding two or more 
time at two or more times as a rolling element arranged between the outer 
ring of spiral wound gasket 2 and the inner ring 3. This bearing 1 has structure 
which supports the whole body so that rotation of an axle may be attained via 
the cart of vehicles. 
[0011] 

It is being fixed on the axle 1 0 and the inner rings of spiral wound gasket 3 
and 3 are turning wheels rotated with the axle 10. The inner race tracks 3a 
and 3a are formed in the outer diameter surface of the inner rings of spiral 
wound gasket 3 and 3, respectively, and the roller 4 is rolled along the inner 
race tracks 3a and 3a, respectively. 
[001 2] 

The outer ring of spiral wound gasket 2 is a stillness ring by which the outer 
diameter of the inner rings 3 and 3 is being fixed to the cart by the side of the 
body of a rail car. Corresponding to the rollers 4 and 4, the two outer race 
tracks 2a and 2a are formed in the inside diameter side of the outer ring of 
spiral wound gasket 2, and the roller 4 is rolled along the outer race tracks 2a 
and 2a, respectively. The seal cases 7 and 7 holding the oil seals 6 and 6 
extend to shaft orientations, and are attached to both-side-surfaces end 2b 
of the outer ring of spiral wound gasket 2, and 2b, respectively. 
[0013] 

The oil seals 6 and 6 are attached to the inside diameter side of the seal 
cases 7 and 7. The oil seals 6 and 6 are functioning as a sealing member 
prevented so that dust, such as garbage and dust, may not flow in bearing 
space from the exterior so that the lubricant closed by the bearing space 
between the outer ring of spiral wound gasket 2 and the inner ring 3, such as 
oil and grease, may not leak outside. 
[0014] 

The front lid 9 is being fixed to the axial end of the axle 1 0 with the bolt 1 1 . 
The diameter direction end of the front lid 9 touches the seal case 7 by the 
side of the front lid 9, and the front lid 9 slides on it to the seal case 7 at the 



time of rotation. The oil drainer 13 is arranged between the front lid 9 and the 
inner ring of spiral wound gasket 3. The oil seal 6 attached to the seal case 7 
by the side of the front lid 9 is closing between the oil seal 6 and the oil 
drainer 13 by carrying out sliding contact to the oil drainer 13. 
[0015] 

On the other hand, the rear lid 8 is being fixed to bearing 1 end which hits the 
opposite hand of the front lid 9 between the inner ring of spiral wound gasket 
3 and the axle 10. The oil seal 6 which is carrying out sliding contact of the 
seal case 7 attached to the rear lid 8 side to the rear lid 8, and was attached 
to the seal case by the side of the rear lid 8 is closing between the oil seal 6 
and the rear lid 8 by carrying out sliding contact to the rear lid 8. 
[0016] 

Compared with the usual bearing, the outer ring of spiral wound gasket 2 has 
the thin-walled parts 12 and 12 with thin thickness of the outer ring of spiral 
wound gasket 2, and comprises this embodiment. When the thin-walled part 1 2 
is a field where the rollers 4 and 4 contact in the outer ring of spiral wound 
gasket 2, it is formed in the part corresponding to the axial direction center of 
4, respectively- Here, the thin-walled parts 12 and 12 in this embodiment fill 
the following relations to a bearing size. 
0.75<=t/H<=1.05 ... (1) 
It is here, 

t: Diameter direction thickness in the thin-walled part 1 2 of the outer ring of 
spiral wound gasket 2 (thickness of the thin-walled part 1 2) 
d: Inner-ring-of-spiral-wound-gasket inside diameter 
D: Outer-ring-of-spiraHwound-gasket outer diameter 

H; Diameter direction sectional width =(outer-ring-of-spiral-wound-gasket 
outer diameter-inner ring inside diameter) /2 
[001 7] 

On the outer-ring-of^spiral-wound-gasket 2 outer diameter surface which are 
these thin-walled parts 1 2 and 1 2, the sensor provided with the sensing 
element which collects the vibration, sounds, or AE information on a bearing in 
abnormality diagnosis is attached, respectively, and vibration generated in a 
bearing by a sensor is collected. The thickness of the field (thin-walled parts 
1 2 and 1 2) of the outer ring of spiral wound gasket 2 to which a sensor is 
attached comprises this embodiment, as indicated by the formula (1). Since 
the vibration from the inside of a bearing becomes that it is easy to be 
transmitted to a sensor when considered as thin meat which has the 
thickness of the outer ring of spiral wound gasket 2 in the range of the above- 
mentioned formula (1 ), as compared with other noises, the sensitivity which 
detects vibration which originates unusually [ the inside of a bearing ] 
becomes high, and the signal to noise ratio improves. 
[0018] 

It is necessary to form this thin-walled part 1 2 in no parts of the outer ring of 
spiral wound gasket 2, and it may be constituted only in the part where a 



sensor is arranged. Generally, since it is arranged at the load area (part where 
load is applied) of the outer ring of spiral wound gasket 2, a sensor may be 
constituted so that the thin-walled part 1 2 which fills the above-mentioned 
formula (1) may be formed only in the load area of the outer ring of spiral 
wound gasket 2. 
[001 9] 

As a sensor incorporated, the sensing element which detects temperature, 
number of rotations, a strain, etc. with the sensing element which detects the 
above-mentioned information may be the compound sensor unit united and 
incorporated. 

It may constitute so that an amplifier may be formed in a sensor unit case 
interior, respectively. While the signal outputted from the sensor is outputted 
via a cable, a noise enters, and a possibility that the reliability of measurement 
may fall is, but by enlarging the signal level via the amplifier beforehand, it 
becomes difficult to be influenced by a noise and reliability improves. 
[0020] 

A signal is transmitted by the cable (cable) between a sensor and the exterior, 
a cable (cable) — the reduction equimeasure of a noise — a law — in order 
to raise accuracy, it is preferred to have water proof, oilproofness, protection 
against dust, rust prevention, moisture proof, a heatproof, and 
electromagnetism-proof noise nature, the same — each sensing element of a 
sensor — the reduction equimeasure of a noise — a law — in order to raise 
accuracy, it is preferred to have water proof, oilproofness, protection against 
dust, rust prevention, moisture proof, a heatproof, and electromagnetism- 
proof noise nature. For example, it is possible by storing all the sensing 
elements in a sensor unit, and giving water proof, oilproofness, protection 
against dust, rust prevention, moisture proof, a heatproof, and 
electromagnetism-proof noise nature to the case of a sensor to carry out. 
[0021] 

Hereafter, the abnormality diagnosis using a sensor is explained. Drawing 2 is 
a figure showing the entire configuration of the abnormality diagnosis device 
which used the sensor 22. In drawing 2 , it explains that it is the composition 
that the sensor 22 was attached to the thin-walled part 1 2 of the outer ring 
of spiral wound gasket 2 of the bearing 1 . The sensor 222 explains noting that 
the temperature detector 22b, the rotation sensor 22c, and the vibration 
detection element 22c are stored inside sensor case 22a, as shown in drawing 
SJia). As shown in drawing 3 (b), it may be the composition that the amplifier 
is formed corresponding to each sensing element. Each sensing elements 22b- 
22d detect the temperature of the bearing 1 , number of rotations, and 
vibration, respectively, and output them to the external arithmetic processing 
section 30. 
[0022] 

The arithmetic processing section 30 is a unit which performs data processing 
of the electrical signal which is the output received from each sensing 



elements 22b-22d, and performs pinpointing of the existence of the 
abnormalities of a bearing, and an abnormal occurrence part. The arithmetic 
processing section 30 may be constituted using the existing operation system 
and the personal computer with which the software application for 
abnormality-diagnosis execution was installed, for example, and may be 
constituted as the processing which became independent for each part, and 
an arithmetic unit which comprises a storage circuit. 
[0023] 

The arithmetic processing section 30 has the data accumulation distribution 
part 31, the thermometric analysis part 32, the rotation analyzer 33, the 
filtering part 34, the analysis-of-vibration part 35, the comparison judgment 
part 36, the in-house-data preserving part 37, and the data accumulation 
outputting part 38. Hereafter, the composition and the function of each part of 
the arithmetic processing section 30 are explained in full detail. 
[0024] 

Drawing 4 is a figure showing the data accumulation distribution part 31 which 
is the 1st data accumulation part. The data accumulation distribution part 31 
is provided with the following. 
Data accumulation part 31a. 
Sampling section 31b. 
Sampling standard set part 31c. 

The data accumulation part 31a is a data storage medium which saves the 
output signal from each sensing elements 22b-22d for every signal, and can 
be constituted from various memories, a hard disk, etc. 
[0025] 

The data accumulation part 31a receives the signal sent from each sensing 
elements 22b-22d, and accumulates it temporarily, and it distributes a signal 
for any of each analyzer 32, 33, and 34 being according to the kind of signal. 
Various signals are changed into a digital signal by the A/D converter which is 
not illustrated in the preceding paragraph sent to the data accumulation 
distribution part 31. 
[0026] 

The sampling standard set part 31b sets up a reference value for the 
influence of a noise to except a large field from the analog signal which the 
vibration detection element 22d outputted based on the information acquired 
from the external input part 100. The input part 100 is an input means of a 
mouse keyboard etc., and the user can set up a reference value arbitrarily via 
the input part 1 00 here. 
[0027] 

Sampling **** for the sampling section 31c cutting down vibration, 
temperature, and rotational frequency data which are temporal data to 
predetermined length, and outputting a signal to the latter analyzer. When the 
output signal from the vibration detection element 22d contains the bigger 
noise than the reference value which the sampling standard set part 31b set 



up, this sampling section 31c, A signal is not sampled about the time zone 
when the noise is contained, but a signal is made not to be outputted to the 
latter filtering part 34. specifically, it has become beyond constant value with 
a signal level — being certain — two A and B are detected and it controls 
between the time of A to B not to output data to the direction of the filtering 
part 34 and the analysis-of-vibration part 35. It is possible to make small a 
possibility of becoming possible to be made not to perform the frequency 
component of the segment of time which contains big noise data by this, and 
performing mistaken abnormality diagnosis. As long as it is possible for it not 
to be necessary to necessarily provide and and to do the same effect so, the 
sampling standard set part 31b and the sampling section 31c may be 
constituted so that it may arrange, for example at somewhere else, such as 
the preceding paragraph of the data accumulation part 31a. 
[0028] 

The thermometric analysis part 32 computes the temperature of a bearing 
based on the output signal from the temperature detector 22b, and sends out 
the computed temperature to the comparison judgment part 36. The analyzer 
32 has a temperature conversion table according to the characteristic of the 
sensing element, for example, and computes temperature data based on the 
level of a detecting signal. 
[0029] 

Based on the output signal from the rotation sensor 22c, the inner ring of 
spiral wound gasket 24 and a jam compute the revolving speed of an axle, and 
the rotation analyzer 33 sends out the computed revolving speed to the 
comparison judgment part 36. For example, when the rotation sensor 22c 
comprises an encoder attached to the inner ring 24, a magnet attached to the 
outer ring of spiral wound gasket 23, and a magnetism detecting element, the 
signal which the rotation sensor 22c outputs turns into a pulse signal 
according to the shape and revolving speed of the encoder. The rotation 
analyzer 33 has the predetermined transform function or translation table 
according to the shape of the encoder, and computes the number of rotations 
of the inner ring of spiral wound gasket 24 and an axle from a pulse signal 
according to a function or a table. 
[0030] 

The analysis-~of-vibration part 35 conducts frequency analysis of vibration 
generated in the bearing 21 based on the output signal from the vibration 
detection element 22d. The analysis-of-vibration part 35 is an FFT calculation 
part which computes the frequency spectrum of a vibration signal, and, 
specifically, computes the frequency spectrum of vibration based on the 
algorithm of FFT. The computed frequency spectrum is sent to the 
comparison judgment part 36. The analysis-of-vibration part 35 may perform 
envelope processing which asks for the envelope of a vibration signal as 
pretreatment which performs FFT, and it may constitute it so that reduction 
of a noise may be aimed at. If needed, the analysis-of-vibration part 35 also 



sets the envelope data after envelope processing, and is outputted to the 

comparison judgment part 36, 

[0031] 

Generally, the abnormal frequency belt of vibration which originates in rotation 
of a bearing and is produced was decided depending on the size of a bearing, 
the number of rolling elements, etc. The defect of each member of a bearing 
and the relation of the shimmy frequency generated in each member are as 
being shown in drawing 5 . In frequency analysis, as for the frequency more 
than a Nyquist rate, since the maximum frequency (Nyquist rate) in which the 
Fourier transform is possible is decided according to sampling time, not being 
contained in a vibration signal is preferred. Therefore, the filtering part 34 is 
formed between the data accumulation distribution part 31 and the analysis- 
of-vibration part 35, and it constitutes from this embodiment so that the 
vibration signal which cuts down a predetermined frequency band in the 
filtering part 34, and contains only the cut-down frequency band may be sent 
out to the analysis-of-vibration part 35. What is necessary is just to 
constitute in a rail car, for example so that only a frequency component of 1 
kHz or less may be extracted when the axle is rotating at a low speed. 
[0032] 

After not performing filtering at first, but asking for frequency spectrum first 
in the analysis-of^vibration part 35, estimating beforehand the frequency band 
with which a peak is observed and performing filtering corresponding to a 
frequency band after that, the filtering part 34 may be constituted so that 
frequency analysis may be conducted anew. Also by constituting in this way, 
an unnecessary noise is eliminated effectively and it becomes possible to 
conduct high-precision frequency analysis. 
[0033] 

Since a signal is detectable with sufficient sensitivity if it attaches to the 
sensor 22 and the part (the load area) which has required load especially in 
the vibration detection element 22d, higher-precision measurement can be 
performed. Here, as the load area is shown in drawing 5, the load over a rolling 
element points out the field by which load is carried out. 
[0034] 

When the high-tension cable which generates the time of there being no 
space to which a sensor is attached in the load area, and a noise is allocated 
and it attaches to the non-load area unavoidably, measurement becomes 
possible by raising the detection sensitivity of a signal by filtering etc. 
[0035] 

The comparison judgment part 36 compares the reference value computed 
out of the frequency spectrum of vibration for which the analysis-of-vibration 
part 35 asked, and the reference value saved at the in-house-data preserving 
part 37 or frequency spectrum, and judges whether the shimmy has occurred 
or not. Here, a reference value is data of the frequency component resulting 
from wear and breakage of the specific site of a bearing, or a predetermined 



value contained in the spectrum searched for for every frequency spectrum. 
Simultaneously with the judgment by comparison of a frequency component, 
the comparison Judgment part 36 expects the accuracy of a judgment with 
reference to specification item data, such as an analysis result of temperature 
and revolving speed obtained from the thermometric analysis part 32 and the 
rotation analyzer 33, and various data of the bearing accumulated in the in- 
house-data preserving part 37. 
[0036] 

When judged with those with abnormalities based on the frequency spectrum 
of vibration, the comparison judgment part 36 checks the temperature of a 
bearing, and if temperature is over the predetermined value, specifically, it will 
judge that serious abnormalities have occurred. When any or a chisel shows 
abnormalities, it is judged that a certain abnormalities have arisen. And if both 
of the results are normal, it will be judged that he has no abnormalities. It may 
constitute so that it may be judged as those with abnormalities, when a result 
does not change, even if it performs a multiple-times judging, when only either 
shows abnormalities. The comparison judgment part 36 outputs the result of 
abnormality diagnosis to the data accumulation outputting part 38. 
[0037] 

The following methods are mentioned as concrete processing of the 
abnormality diagnosis based on the vibration information which the 
comparison judgment part 36 performs. 
[0038] 

(1) How to use the effective value of envelope data as a reference value 
In this method, it asks for the frequency component generated at the time of 
abnormalities based on the formula of drawing 5. And the effective value of 
envelope data is computed and the reference value for comparison is 
calculated from this effective value. And the frequency beyond a reference 
value is computed and comparison with the frequency component generated 
at the time of abnormalities is performed. Hereafter, it explains, referring to 
drawing 7. 
[0039] " " 

First, vibration of a bearing is detected via the vibration detection element 
22d stored by the sensor unit 22a (Step SI 01). The detected signal is 
amplified with a predetermined amplification factor, and is changed into a 
digital signal by the A/D converter (Step S102). The vibration signal changed 
into the digital signal is saved in a predetermined format at the data 
accumulation distribution part 31 (Step SI 03). 
[0040] 

Next, it asks for the frequency spectrum of a digital signal (Step 1 04), and the 
filtering part 34 selects the filter zone applied to a digital signal based on the 
called-for frequency spectrum (Step SI 05). The filtering part 34 performs 
filtering which removes frequency components other than the selected filter 
zone (Step SI 06), and outputs the digital signal after filtering to the analysis- 



of~vibration part 35. And the analysis-of-vibration part 35 performs envelope 
processing to the digital signal after filtering (Step SI 07), and asks for the 
frequency spectrum of the digital signal after envelope processing (Step 
SI 08). 
[0041] 

Simultaneously, the effective value of the digital signal after envelope 
processing is calculated (Step S109), and the reference value used for 
abnormality diagnosis based on an effective value is computed (Step S1 12). 
Here, an effective value is calculated as average value of the absolute value 
of the amplitude of the digital signal after envelope processing. A reference 
value is computed based on an effective value based on the following formulas 
(Dor (2). 

(Reference value) =(effective value) +alpha ... (1) 
(Reference value) =(effective value) xbeta ... (2) 

alpha, beta: It is a strange good predetermined value by the kind of data. 
[0042] 

Based on the table shown in drawing 5 , originate unusually [ a bearing ] and 
the frequency to generate Next, ** (Step S1 10), the level of the abnormal 
frequency ingredient of each member corresponding to the frequency for 
which it asked — that is. Inner ring crack ingredient Si (Zfi), the outer-ring- 
of-spiral-wound-gasket crack ingredient So (Zfc), rolling element The 
ingredient Sb (2fb) and cage ingredient Sc (fc) are extracted (Step S1 1 1), and 
comparison with the reference value calculated at Step 1 1 2 is performed 
(Step S1 13). And it judges that abnormalities are not caused in a bearing when 
the value of all the ingredients is smaller than a reference value (Step S1 14), 
and when one of ingredients is beyond a reference value, it is Judged that 
abnormalities have occurred in the applicable part (Step S1 15). 
[0043] 

It is a graph which illustrates frequency spectrum when abnormalities have not 
generated drawin g 8 , and frequency spectrum when abnormalities have 
generated dra wing 9 in the outer ring of spiral wound gasket, respectively. In 
the example of drawing 8 , the reference value was acquired as -29.3dB from 
envelope data. The line of a reference value is lengthened in the graph in 
drawing 8 , and they are inner ring crack ingredient Sc (Zfi), the outer-ring-of- 
spiral-wound-gasket crack ingredient So (Zfc), the rolling element ingredient 
Sb (2fb), and a cage. As compared with ingredient Sc (fc), any level of the 
ingredient was smaller than the reference value. Therefore, it can be Judged 
that this bearing is normal. On the other hand, in the case of drawing 9 , the 
outer-ring-of-spiral-wound-gasket crack ingredient So (Zfc) has projected 
more greatly than a reference value, and it can be Judged that abnormalities 
have occurred in the outer ring of spiral wound gasket of a bearing. 
[0044] 

Drawing 1 0 is a graph which shows frequency spectrum in case there is a 
crack, and the relation of a reference value to a cage. In drawing 10 , the 



bigger peak than a reference value is observed in the frequency fc 
corresponding to a cage crack. Thus, since the existence of the peak of 
generated frequency is Judged by comparison with the level and reference 
value in the frequency resulting from a bearing, even if it is a small peak as 
shown in drawing 10 , it can be diagnosed appropriately. 
[0045] 

(2) How to search for the peak of a spectrum and compare peak frequency 
with abnormal frequency 

In this method, it asks for the frequency component generated at the time of 
abnormalities based on the formula of d rawi ng 5. And it is compared whether 
it corresponds to the frequency component which abnormalities generate 
about the peak beyond a predetermined number or a reference value in the 
frequency spectrum for which the analysis-of-vibration part 36 asked. 
Hereafter, details are explained based on the flow chart shown in drawing 1 1 ■ 
[0046] 

Since it is the same as that of what was indicated to the method of (1), the 
flow to Step SI 08 is omitted. The peak of the frequency spectrum obtained 
first is calculated in this method (Step SI 09), Here, in order to search for the 
peak of frequency, it asks for the difference data in which the difference of 
the level of the data point of each frequency component and the level of the 
data point of the frequency component in front of one of them is shown in the 
first place. And the numerals of difference data discover the point of inflection 
replaced with negative from positive, and judge that it is a peak by the 
frequency value which is participating in the difference data which became a 
basis of the positive/negative. However, it is made to judge that it serves as a 
peak only when inclination is larger than a predetermined reference value (for 
example, 1 or -1) or small since a peak value required for diagnosis is aimed 
only at the thing used as a sharp peak with a sudden mountain (inclination). 
[0047] 

Drawin g 12 is a figure showing frequency spectrum. In drawing 12, the point B 
serves as a peak about continuous three point A (X q, Y^), B (X ^, Y^), and C 

(X 2* Vp, In this case, it is difference data delta^=Y^-YQ>0 of A and B, and 

since it is difference data delta2=Y2-Y^<0 of B and C, difference data is 

changing from positive to negative. And when it inclines here (Y^-Y^) and /(X 

^-X q) >1 or (Yg-Y^AX 2~X ^) <-1 are being filled, it is judged that the point 

B is a peak. 
[0048] 

And based on drawing 5 , abnormal frequency is computed from the 
specifications of a bearing (Step S202), The level (Zfi), i.e., inner ring crack 
ingredient Si, the outer-ring-of-spiral-wound-gasket crack ingredient So 
(Zfc), the rolling element ingredient Sb (2fb), and cage ingredient So (fc) of an 
abnormal frequency ingredient of each member corresponding to the 



frequency for which it asked are extracted (Step S203), And peak frequency 
is compared with the frequency generated at the time of abnormalities, and it 
is judged whether peak frequency and the computed abnormal frequency are 
in agreement (Step S204)- And when a certain peak is in agreement with 
abnormal frequency, it is judged that abnormalities have occurred in the 
member corresponding to applicable abnormal frequency (Step S206). When 
not in agreement also with all frequency, it is judged that he has no 
abnormalities (Step S205). 
[0049] 

(3) How to use fundamental frequency and specific harmonics 
The primary value in which this method is the fundamental frequency of an 
abnormal frequency ingredient, the secondary value with one twice the 
frequency of fundamental frequency. And it is compared whether the 
frequency of a peak and the frequency generated at the time of abnormalities 
are in agreement about the 4th value with one 4 times the frequency of 
fundamental frequency, When the frequency which judged it as those with 
abnormalities eventually, and was judged to be those with abnormalities when 
judged as those with abnormalities in at least two frequency is one or less, it 
is judged that he has no abnormalities. Hereafter, it explains in detail, referring 
to drawing 1_3, 
[0050] 

The process to calculation of the frequency which computes frequency 
spectrum, originates unusually and is generated is the same as the flow of a 
method (1). In this method, in comparison, as first shown in drawing 13 , in the 
frequency of the fundamental component (primary ingredient) generated at the 
time of abnormalities, it is judged whether the value of a spectrum is beyond a 
reference value (Step S301). When the value of a spectrum is beyond a 
reference value, it judges that the primary ingredient was in agreement, and 
progresses to Step S302, On the other hand, when not in agreement, it 
progresses to Step S31 1, 
[0051] 

In Step S302, it is judged in the frequency of a secondary ingredient with a 
fundamental component twice the frequency of generating at the time of 
abnormalities whether the value of a spectrum is beyond a reference value. 
When the value of a spectrum is beyond a reference value, it judges that the 
secondary ingredient was in agreement, and the last judgment is made to 
abnormalities having occurred in the applicable part at Step S321 . On the 
other hand, when not in agreement, it progresses to Step S312. 
[0052] 

In the frequency of the secondary ingredient which has a fundamental 
component twice the frequency of generating at the time of abnormalities also 
at Step S31 1, it is judged whether the value of a spectrum is beyond a 
reference value. When the value of a spectrum is beyond a reference value, it 
judges that the secondary ingredient was in agreement, and progresses to 



Step S312. On the other hand, when not in agreement, it progresses to Step 
S321 and the last judgment is made to not having caused abnormalities in an 
applicable part. 
[0053] 

In Step S3 12, it is judged in the frequency of the 4th ingredient with a 
fundamental component 4 times the frequency of generating at the time of 
abnormalities whether the value of a spectrum is beyond a reference value. 
When the value of a spectrum is beyond a reference value, it judges that the 
4th ingredient was in agreement, and the last judgment is made to 
abnormalities having occurred in the applicable part at Step S321. On the 
other hand, when not in agreement, abnormalities make the last judgment to 
not having generated in an applicable part. 
[0054] 

Drawing 14 is a figure showing frequency spectrum in case an outer ring of 
spiral wound gasket has a crack. It turns out that twice [ natural number ] as 
many harmonics as Zfc which is fundamental frequency are observed. When 
the reference value in this case is -lOdB, it turns out about all the primary 
ingredients [ secondary / 4th ] that the value of a spectrum has turned into 
beyond the reference value. Therefore, it is judged by processing of this 
method that abnormalities have occurred in the outer ring of spiral wound 
gasket. 
[0055] 

Although a case so that a big peak may be observed by chance under the 
influence of a noise etc. by the frequency which generally corresponds 
unusually can be considered. If the value of a peak is not beyond a reference 
value in at least two frequency, in order not to judge that it is unusual among 
the primary ingredients [ secondary / 4th ] according to this method, it 
becomes possible to decrease a possibility of making an incorrect judgment. 
[0056] 

Although compared in order of the primary order [ secondary / 4th ], it may 
constitute from a flow chart of drawin g 13 so that it may compare sequentially 
from the one where a peak level is larger. In this case, if the peak of 
frequency with the biggest peak is below a reference value, it is possible to 
judge that he has no abnormalities at that time, and it is possible to shorten 
calculation time. As a frequency component to combine, they may be the 
combination of the primary value, the secondary value, and the 3rd value, and 
the combination of the secondary value, the 4th value, and the 6th value. 
[0057] 

(4) How to presume the size of damage with abnormality diagnosis 
Method (1) In - (3), although the existence of abnormalities was diagnosed, it 
is also possible to presume the size of damage as follows. Drawing 15 is a 
figure showing the frequency spectrum after envelope processing. In a figure, 
it turns out that the big peak is observed by the frequency Zfc and damage 
has occurred in the outer ring of spiral wound gasket. If reference level 



which is the value Ln of a peak and the average value of the whole frequency 
spectrum in this Zfc is compared, the size of the damage in the outer ring of 
spiral wound gasket which has caused abnormalities can be presumed. 
[0058] 

In anti-friction bearing, drawing 16 shows the relation of the level difference 
between the size of exfoliation, and the peak and reference level which appear 
on the survey frequency spectrum data d1, when the exfoliation which is 
damage to a bearing ring arises. Thus, generally, since a level difference 
increases in proportion to the size of damage, it is asking for the level 
difference in the peak on the survey frequency spectrum data d1, and can 
presume the size of damage conversely. Increase of the peak level on the 
survey frequency spectrum data d1 becomes the most remarkable at the peak 
corresponding to the primary value of a frequency component. 
Therefore, when abnormalities are detected, by calculating level difference I of 
the primary value Ln of a frequency component, and reference level L^, the 

degree of damage can be presumed and the exchange time of a damaged part 
can be determined according to the degree of damage. Neither a superfluous 
parts replacement nor a maintenance carries out by this, but it is made to 
exchange at a suitable stage, and it becomes possible to reduce a 
maintenance cost. 
[0059] 

(5) How to make a reference value a level difference with twice [ natural 
number ] as many harmonic content as fundamental frequency 
As opposed to the primary level in which this method is the fundamental 
frequency of an abnormal frequency ingredient, 2, 3 and 4 of fundamental 
frequency, and ... 2, 3, 4, and ... with one times the frequency of n — when the 
n-th level counts the number which has become beyond a reference value and 
more than the prescribed number is over the reference value, it is judged that 
abnormalities have occurred. To the primary level, when the n-th value is 
more than {(level whose number is one) -(n-1 ) -a (dB)}, specifically, it counts. 
Here, "b^' is any value. It explains referring to the flow chart shown in drawing 
17 hereafter. 
[0060] 

Drawing 1 7 is a flow chart which shows the process flow in this method. The 
processing to the frequency spectrum calculation in this method is the same 
as processing until it results in Step SI 01 - Step SI 08 of a flow chart of 
drawing 7 . The processing after Step SI 08 is shown in drawing 17 . 
[0061] 

First, with reference to the formula shown in drawing 5 , the abnormal 
frequency in which a bearing originates unusually is computed to each part (an 
outer ring of spiral wound gasket, an inner ring, a rolling element, and a cage) 
of every [ of a bearing ] (Step S401), and the level of the frequency spectrum 
corresponding to abnormal frequency is extracted (Step S402). And the level 
of the frequency spectrum corresponding to one twice [ natural number ] (2, 



3, ... n times) the frequency of abnormal frequency is computed, respectively 
(Step S403). 

Here, the secondary ingredient [ 3rd / 4th / 5th ] with one 4 or 5 times the 
frequency [ 2 of basic abnormal frequency, 3, and ] of this shall be extracted- 
[0062] 

Next, the level of each 2, 3, and the 4 or 5th ingredient is checked on the 

basis of the primary value used as foundations (Step S404). Here, when the 

level of each ingredient is more than {(primary level) -3 (n-1)} (dB), a count 

with abnormalities is performed. Specifically, in the following cases, a count 

with abnormalities is performed about each ingredient, 

(Level of a secondary ingredient) Xlevel of primary ingredient)-3 

(Level of the 3rd ingredient) Xlevel of primary ingredient)-6 

(Level of the 4th ingredient) Xlevel of primary ingredient)-9 

(Level of the 5th ingredient) Xlevel of primary ingredient)- 12 

[0063] 

And a final unusual judgment is made by checking whether the number of a 
count with abnormalities is more than a prescribed number (Step S405). Here, 
if there is a count with the abnormalities in two or more pieces, it will be 
eventually judged as those with abnormalities, and if it is one or less piece, it 
will be judged that he has no abnormalities. 
[0064] 

Drawing 18 is a figure showing the relation between the level of frequency 
spectrum when rotating an inner ring of spiral wound gasket for cylindrical 
roller bearing (the outer diameter of 215 mm, 100 mm in inside diameter, 47 

mm in width, 14 number at the time) by about 300 min \ and a base line. The 
straight line in a figure is a judging standard line which connected the above- 
mentioned reference value with the line. When a bearing has a crack, the value 
of the secondary more than ingredient has become more than a judging 
standard line, but when generating also in an all seems well, the level of the 
peak corresponding to an omission sound is less than this judging standard 
line of the secondary ingredient [ 4th ]. Generally, since a roller omission 
sound (rolling element omission sound) has the low high order ingredient as 
compared with the case where an outer ring of spiral wound gasket has a 
defect, as drawing 18 shows, almost all values are less than a judging standard 
line. Even if it is a case so that a peak may appear by this in the same 
frequency as the cases where an outer ring of spiral wound gasket has a 
defect, such as a roller omission sound, it is possible by comparing the level of 
a high order ingredient abnormalities or to judge with more sufficient accuracy 
whether it is normal. 
[0065] 

(6) How to use the effective value for every frequency band 
In this method, abnormality diagnosis is performed not using the value of the 
peak level of the frequency which originates unusually itself but using the 
effective value of the frequency band containing the frequency which 



originates unusually. The effective value of the frequency band containing the 
frequency which originates unusually concretely is a root mean square of the 
level of a frequency band, or all [ partialness OBA ]. Here, root mean square 
V. and partialness OBA all S. are given by the following formulas. Here, V^j^g 

and Sq^ are a root mean square in a perimeter wave number belt, and all 

[ Oba ]. All [ Oba ] means total of a specific specified interval. 

[0066] 

[Equation 1] 



Vi--t^K-P-| ^ • • (1) 



m 



m 



Si -VP. • - • (2) 



9 



VRMs^frX^'i-P) • • • (3) 



SoA« >R — * (4) 



2 



(5) 



[0067] 

Drawing 19 is a flow chart which shows the process flow of this method. The 
processing to the fi^equency spectrum calculation in this method is the same 
as processing until it results in Step S101 - Step SI 08 of a flow chart of 
drawing 7 . The processing after Step S108 is shown in drawing 19 , 
[0068] 

first, abnormal frequency in which a bearing originates unusually with 
reference to a formula shown in drawing 5 — each part (an outer ring of spiral 
wound gasket.) of a bearing Compute to an inner ring of spiral wound gasket, a 
rolling element, and every cage (Step S501), and After that, a frequency band 
containing computed frequency — root mean square (Vi) — again — A 



normalizing value which is a root mean square (Vp^^g) or overalls (Sq^^) of all 

[ partialness OBA ] (Si) and the whole zone of frequency spectrum is 
computed (Step S502). And a value which **(ed) root mean square (Vi) of the 
one above-mentioned degree ingredient zone or all [ partialness OBA ] (Si) 
with said normalizing value (V^j^g or Sq^), or a value of difference is 

computed (Step S503). 
[0069] 

Next, comparative collation is carried out to referred data which is having a 
value which **(ed), or a value of difference saved, and it is specifically judged 
[ whether it is a range with normal value which **(ed) or value of difference, 
and ] whether it is beyond a predetermined reference value (Step S504). If a 
value which **(ed), or a value of difference is beyond a predetermined 
reference value or the following, it is Judged as those with abnormalities and 
an abnormal occurrence part is pinpointed based on a frequency band (Step 
S505), Here, whether it is beyond a reference value or when it is the following, 
it is considered as those with abnormalities should Just set by actual 
measurement. When other, it is Judged that he has no abnormalities (Step 

S506X 
[0070] 

A actual measurement result is quoted and the above method is explained. It 
is a graph which shows a spectrum in case drawing 21 does not have 
abnormalities in an outer ring of spiral wound gasket in frequency spectrum in 
case drawing 20 has abnormalities in an outer ring of spiral wound gasket. An 
unusual peak frequency belt exists near the left end of drawing 20 ( per 1 0-20 
Hz). The root mean square value Va of this whole spectrum is 0.016. On the 
other hand, root mean square value Vn of the whole spectrum to which 
drawing 21 corresponds is 0.008. Here, if frequency bandwidth extracted to an 
abnormal frequency belt (basic frequency) resulting from an outer-ring-of- 
spiral"WOund-gasket crack shall be 2 Hz, it can set to the zone. In the case of 
drawi n g 20 , a value which normalized ****** average value by V is 90,78, and, 
in the case of drayyln^^ 21 , is set to 38,47, When it has abnormalities, it 
compares at the time of normal, and it is about 2.4. It turns out that a double- 
normalized value is large. Therefore, a predetermined threshold is provided in 
a ratio at the time at the time of normal, and the time of abnormalities 
between 90.78 and 38,47, and when larger than a threshold, it can be Judged 
that abnormalities have occurred in an outer ring of spiral wound gasket. 
[0071] 

On the other hand, drawing 22 and drawing 23 show an example in a case of 
using two or more zones. Drawing 22 is a graph which shows envelope 
frequency spectrum of a machine which has roller bearing which has damage 
in an outer ring of spiral wound gasket, and a normal gear (number-of- 
teeth;31). In this figure, five frequency peaks are observed and from a 
secondary ingredient to the 5th ingredient is observed for every integral 



multiple of that from fundamental frequency. On the other hand, drawing 23 is 
observational data when [ normal ] it corresponds to drawing 22 , and unique 
frequency is not found. 
[0072] 

Hereafter, the above-mentioned technique is applied about data of drawing 22 
and drawing 23 . In the case of drawing 22 , a value which normalized the sum 
of fundamental frequency resulting from an outer-ring-of-spiraHwound- 
gasket crack and a root mean square value in each zone of the ingredient up 
to the 5th order with a root mean square value of the whole spectrum is 
1 1.64, and, in the case of drawin g 23 , it is set to 5.19. Here, the 5th harmonics 
are counted from fundamental frequency and mean the 5th peak. When it has 
abnormalities, it turns out that a value normalized about 2.2 times compared 
with the time of normal is large. Therefore, 1 1.6 A predetermined threshold is 
provided in a ratio at the time at the time of normal, and the time of 
abnormalities between 4 and 5.19, and when larger than a threshold, it can be 
judged that abnormalities have occurred in an outer ring of spiral wound 
gasket. 
[0073] 

The above is a concrete processing pattern in a case of judging existence of 
abnormalities by the comparison judgment part 36. The comparison judgment 
part 36 may be constituted so that abnormality diagnosis may be performed 
using two or more judging methods among these methods. Since accuracy's of 
abnormality diagnosis judging that it is unusual improves with two or more 
judging methods, it is desirable. 
[0074] 

The data accumulation outputting part 38 is a preserving part which saves a 
decision result of the comparison judgment part 36, and comprises a hard disk, 
a memory medium, etc. The data accumulation outputting part 38 outputs a 
decision result of the comparison judgment part 38 to the control section 41 
and the result output part 42. Only when required for operation of the control 
section 41 explained below to the control section 41, the data accumulation 
outputting part 38 may be constituted so that a result may be outputted. 
[0075] 

The control processing part 40 is provided with the following. 
The result output part 42 as a displaying means which displays an analysis 
result and a decision result of the arithmetic processing section 30 by a 
predetermined display style. 

The controller 41 which feeds back a control signal according to a decision 
result of said comparison judgment part 36 to a control system which controls 
operation of drive mechanism of vehicles with which the bearing 21 is 
incorporated. 



[0076] 

To a monitor, image display, or a printer, by a printout, specifically, the result 



output part 42 performs a notice by blink of an alarm lamp, or operation of an 
alarm, when an analysis result and a decision result of the arithmetic 
processing section 30 are notified and also a decision result of the arithmetic 
processing section 30 is with abnormalities. 
[0077] 

The control section 41 sends a control signal which shows a travel stop of 
vehicles, a slowdown of speed, etc. to a traveling control machine of vehicles 
according to a grade of abnormalities, for example, when a decision result of 
the arithmetic processing section 30 is with abnormalities. According to this 
embodiment, two or more sensors 22 measure a state of a bearing of a 
bearing device continuously, and are made to carry out abnormality diagnosis 
of the arithmetic processing section 30 one by one based on measured data. 
Therefore, the control processing part 40 will notify abnormalities immediately, 
if abnormalities occur, and it controls vehicles. That is, a flow of detection, 
analysis, a judgment, and a result output is carried out to real time. 
[0078] 

The sensor 22 may be constituted so that it may always measure, or even if it 
constitutes so that it may measure for every predetermined time, it is not 
cared about. Instead of carrying out abnormality diagnosis to real time, only 
measurement and accumulation of measurement data may be performed at 
the time of vehicles operation, and it may constitute so that it may analyze at 
somewhere else behind. For example, you may constitute so that it may only 
measure, it may collect at night and analysis, a Judgment, and a result output 
may be performed in the daytime. 
[0079] 

Although an abnormality diagnosis device of this embodiment presupposed 
that existence and an abnormal occurrence part of abnormalities of a bearing 
device are diagnosed, it may not be restricted to this, but it may be 
constituted so that a flat part of a wheel may be diagnosed, and it may be 
constituted so that existence and an abnormal occurrence part of 
abnormalities of a bearing device may be diagnosed. [ of a bearing ] [ of a 
gear ] 
[0080] 

Instead of the detection processing part 20, as shown in drawing 3 (c), the 
sensor 52 which performs the arithmetic processing section 30 and radio may 
be used. This sensor transmits a signal to a receive section established in the 
arithmetic processing section 30 via the transmission section 52h via radio. 
[0081] 

Since it becomes possible to attach a sensor to a bearing device, without 
taking into consideration wiring between the detection processing part 20 and 
the arithmetic processing section 30, etc. by constituting in this way, it 
becomes easy to attach a sensor to the increase of arrangement flexibility of 
a sensor and a position to which accuracy becomes high. By providing same 
transmission section and a receive section, it may constitute so that between 



the arithmetic processing section 30 and the control processing parts 40 may 

be performed by radio. 

[0082] 

Drawi ng 24 is a graph which shows a time waveform of a vibration signal 
detected with the bearing device 1 of this embodiment, and drawing 25 and 
drawing 26 a re graphs which show frequency spectrum of a time waveform of 
drawing 24 , and frequency spectrum after envelope processing, respectively. 
From drawin g 24 , it is periodically highly sensitive and by using the bearing 
device 1 of this embodiment shows that a signal is detected. It turns out that 
periodic frequency peaks with a very strong peak are observed, and d rawing 
26 shows that a noise and a signal are classified very clearly. 
[0083] 

On the other hand, dra wing 27 is a graph which shows a time waveform of a 
vibration signal detected with the conventional bearing device, and drawing 28 
and drawing 29 are graphs which show frequency spectrum of a time 
waveform of drawing 27 , and frequency spectrum after envelope processing, 
respectively. A crack corresponding to an unusual peak observed by drawing 
24 - 26 is provided in the conventional bearing device. However, unlike 
drawing 24 , a periodic vibration is not observed by time waveform of drawing 
27, and even if it sees frequency spectrum shown in drawing 28 and dr awin g 
29 , a strong periodic peak has not appeared. Since this has the large noise 
component, a signal component resulting from a crack is imagined to be what 
has been buried in a noise. From this, it has contributed to improvement in the 
signal to noise ratio in oscillating detection, and with the conventional bearing 
device, the bearing device 1 of this embodiment can be said [ that it is 
detectable and ], even if detection is a difficult signal component. 
[0084] 

As mentioned above, according to the bearing device of this embodiment, the 
sensor 22 is attached to the outer-ring-of-spiral-wound^gasket thin-walled 
part 12, and a signal is read in the bearing 1. The signal to noise ratio is able 
to detect a good signal by this. This becomes the most remarkable, when the 
outer-ring-of-spiral-wound-gasket thin-walled part 1 2 is formed in a load 
section which transmits a shimmy most strongly and a sensor is attached. 
Therefore, it becomes possible to perform high-precision abnormality 
diagnosis, without disassembling a bearing device, and it becomes possible to 
reduce labors concerning abnormality diagnosis. 
[0085] 

At this embodiment, although a bearing in a bearing device presupposed that it 
is a double row tapered roller bearing, it is not restricted to this but it can be 
applied to various bearings, such as cylindrical roller bearing and a ball bearing, 
etc. 
[0086] 

[Effect of the Invention] 

According to this invention, the signal to noise ratio is able to detect a good 



signal by attaching a sensor to an outer-ring-ol^spiral^wound-gasket thin- 
walled part, and reading a signal in a bearing. This becomes the most 
remarkable, when a shimmy provides an outer-ring-of-spiral-wound-gasket 
thin-walled part in the load section generated strongly and attaches a sensor. 
Therefore, it becomes possible to perform high-precision abnormality 
diagnosis, without disassembling a bearing device, and it becomes possible to 
reduce the labors concerning abnormality diagnosis. 
[Brief Description of the Drawings] 

[D rawing 1 ]It is a figure showing the bearing device for rail cars concerning 
this invention. 

[Drawing 2]I t is a figure showing the embodiment of the abnormality diagnosis 
device for rail cars concerning this invention. 

[Drawin g 3] It is a block diagram showing the internal structure of a sensor. 
[Drawing 4] It is a figure showing a data accumulation distribution part. 
[ Drawing 5] Expression of relations showing the defect of each member of a 
bearing, and the relation of the shimmy frequency generated in each member 
It is. 

[Drawing 6]I t is a figure showing the relation in the load area in a bearing, and 
the non-load area. 

[Drawin g 7] It is a flow chart which shows the flow of the processing in the 1 st 
method. 

[Drawing 8] It is a graph which shows frequency spectrum when abnormalities 
have not occurred. 

[Drawing 9] It is a graph which shows frequency spectrum when abnormalities 
have occurred in the outer ring of spiral wound gasket. 

[Drawing 10]It is a graph which shows frequency spectrum in case there is a 
crack, and the relation of a reference value to a cage. 

[Drawing 1 1]I t is a flow chart which shows the flow of the processing in the 
2nd method. 

[ Drawing 12 ]It is a figure showing frequency spectrum. 

[Drawing 1 3]It is a flow chart which shows the flow of the processing in the 

3rd method. 

[Drawing 14] It is a figure showing frequency spectrum in case an outer ring of 
spiral wound gasket has a crack. 

[ Drawing 1 Sj it is a figure showing the frequency spectrum after envelope 
processing. 

[Drawing 1 SjT he relation of the level difference between the size of 
exfoliation, and the peak and reference level which appear in survey frequency 
spectrum data is shown. 

[Drawing 1 73lt is a flow chart which shows the flow of the processing in the 
5th method. 

[Drawing 18] It is a figure showing the relation between the level of frequency 
spectrum, and a base line. 

[Drawing 19] It is a flow chart which shows the flow of the processing in the 



6th method, 

[Drawing 20] It is a graph which shows frequency spectrum in case an outer 
ring of spiral wound gasket has abnormalities. 

[Drawin g 21]It is a graph which shows frequency spectrum in case there are 
no abnormalities in an outer ring of spiral wound gasket. 
[Drawing 22] It is a graph which shows frequency spectrum in case an outer 
ring of spiral wound gasket has abnormalities. 

[ Drawing 2 3]It is a graph which shows frequency spectrum in case there are 

no abnormalities in an outer ring of spiral wound gasket. 

[ Drawing 24]I t is a graph which shows the time waveform of the vibration 

signal detected from the bearing device of this embodiment. 

[Drawing 25] It is a graph which shows the frequency spectrum of the time 

waveform of drawing 24. 

[Dra wing 26] It is a graph which shows the frequency spectrum after envelope 
processing of the time waveform of dr awin g 24 . 

[Drawing 27] It is a graph which shows the time waveform of the vibration 
signal detected from the conventional bearing device. 

[Drawing 28] It is a graph which shows the frequency spectrum of the time 
waveform of drawing 27 . 

[Drawing 29]It is a graph which shows the frequency spectrum after envelope 
processing of the time waveform of drawing 28 . 
[Description of Notations] 

1 Bearing device 

2 Outer ring of spiral wound gasket 

3 Inner ring of spiral wound gasket 

4 Time (rolling element) 

5 Cage 

6 Oil seal 

7 Seal cover 

8 Rear lid 

9 Front lid 

1 0 Axle 

11 Bolt 

12 Thin-walled part 

13 Oil drainer 

20 Detection processing part 
22 and 52 Sensor 

30 Arithmetic processing section 

31 Data accumulation distribution part 

32 Thermometric analysis part 

33 Rotation analyzer 

34 Filtering part 

35 Analysis-of-vibration part 

36 Comparison Judgment part 



37 In-house-data preserving part 

38 Data accumulation outputting part 

40 Control processing part 

41 Control section 

42 Result output part 
50 Amplifier 

1 00 Input part 
200 Bearing device 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the bearing device for rail cars concerning 
this invention, 

[ Drawi ng 2]It is a figure showing the embodiment of the abnormality diagnosis 
device for rail cars concerning this invention. 

[Drawing 3] It is a block diagram showing the internal structure of a sensor. 
[Drawing 4] It is a figure showing a data accumulation distribution part. 
[Drawin g 5] Expression of relations showing the defect of each member of a 
bearing, and the relation of the shimmy frequency generated in each member 
It is. 

[Drawing 6] It is a figure showing the relation in the load area in a bearing, and 
the non-load area. 

[Drawing 7 ]It is a flow chart which shows the flow of the processing in the 1 st 
method. 

[Drawing 8] It is a graph which shows frequency spectrum when abnormalities 
have not occurred. 

[Drawing 9] It is a graph which shows frequency spectrum when abnormalities 
have occurred in the outer ring of spiral wound gasket. 

[Drawing 10]It is a graph which shows frequency spectrum in case there is a 
crack, and the relation of a reference value to a cage. 

[Drawing 1 1]I t is a flow chart which shows the flow of the processing in the 
2nd method. 

LDrawing^^^^^^^^ is a figure showing frequency spectrum. 

[Drawin g 13] It is a flow chart which shows the flow of the processing in the 
3rd method. 

[Drawing 14] It is a figure showing frequency spectrum in case an outer ring of 
spiral wound gasket has a crack. 

[Drawing 15]I t is a figure showing the frequency spectrum after envelope 
processing. 

[D raw ing 16]The relation of the level difference between the size of 
exfoliation, and the peak and reference level which appear in survey frequency 
spectrum data is shown. 

[Drawing 17] It is a flow chart which shows the flow of the processing in the 
5th method. 

[D rawing 18]It is a figure showing the relation between the level of frequency 
spectrum, and a base line. 

[Drawing 1 9] It is a flow chart which shows the flow of the processing in the 
6th method. 

[Drawing 20] It is a graph which shows frequency spectrum in case an outer 
ring of spiral wound gasket has abnormalities. 

[Drawing 21]It is a graph which shows frequency spectrum in case there are 
no"~abnormalities in an outer ring of spiral wound gasket. 



[Drawing 22] It is a graph which shows frequency spectrum in case an outer 
ring of spiral wound gasket has abnormalities. 

[Drawing 23]It is a graph which shows frequency spectrum in case there are 

no abnormalities in an outer ring of spiral wound gasket. 

[Drawing 24] It is a graph which shows the time waveform of the vibration 

signal detected from the bearing device of this embodiment. 

[Drawing 25] It is a graph which shows the frequency spectrum of the time 

waveform of drawin^^^ 

[Drawing 26 ]It is a graph which shows the frequency spectrum after envelope 
processing of the time waveform of d ra wing 24, 

[Drawing 27] It is a graph which shows the time waveform of the vibration 
signal detected from the conventional bearing device. 

[Drawing 28] It is a graph which shows the frequency spectrum of the time 
waveform of drawing 27 . 

[ Drawing 29] It is a graph which shows the frequency spectrum after envelope 
processing of the time waveform of drawing 28 . 
[Description of Notations] 

1 Bearing device 

2 Outer ring of spiral wound gasket 

3 Inner ring of spiral wound gasket 

4 Time (rolling element) 

5 Cage 

6 Oil seal 

7 Seal cover 

8 Rear lid 

9 Front lid 

1 0 Axle 

11 Bolt 

1 2 Thin-walled part 

13 Oil drainer 

20 Detection processing part 
22 and 52 Sensor 

30 Arithmetic processing section 

31 Data accumulation distribution part 

32 Thermometric analysis part 

33 Rotation analyzer 

34 Filtering part 

35 Analysis-of-vibration part 

36 Comparison judgment part 

37 In-house-data preserving part 

38 Data accumulation outputting part 

40 Control processing part 

41 Control section 

42 Result output part 



50 Amplifier 
1 00 Input part 
200 Bearing device 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 3] 



(a) 




(b) 




(c) 




S2h 



[Drawing 4] 



31 



31a 



31c 













S9 



Afim -100 



[D rawin g 5 ] 







p^m (Si) 




(So) 


2fc^-^^1-§|-cosa)z [Hz3 


i^mw (Sb) 


2f b -fr(^ -^l-cos* aj [Hz j 


mmm (Sc) 


fc«^^1-^cosa^ [Hz] 



fC'.^Mmwamm L»zl frrfr-tc 
fb:i|£ll^g«RjijK [HZ] Oa:)gift^iiS [mm] 
dm: tr^/5^Ritg [mm] arSffltt [«] 



[Drawing 6] 



A2 



24 23 




[Drawing 7] 



C START ^ 



I"" = 



■SI 01 

SI 02 
S103 
S104 
3105 

3106 
3107 



3110 ^monm. 



■sin 



3115 




S113 



St09 

sn2 



C END ) 





sn4 







[Drawing 8] 




N 

X 



[Drawing 9] 




[Drawing 10] 



m 
m 




[Drawing 11] 



$206- 



Q START ) 





— S101 








— S102 


t 






— S103 


i 






~S104 


I ^ 






— S105 








— S106 








~S107 








— S108 








~S201 








— S202 







-S203 




[Drawing 12] 



0 




I — J 1 1 

50 100 150 200 

Hz 



A(X8.y«). B(Xi.Yi). (XSa.Yiittiit 
5i<=Yi-Yo>>0. -® 
CD. <S)&Aft.U 



[Drawing 13] 




[Drawing 14] 



lie (2^;:) (4;^) 



w1- 



--10 

-30 
-40 
-50 
-60 



I j 



PJiiliiiii 



ill. I Li li i . 



IP? 



n 



> I 



U4 t n.,„>, 



n 1 



0{ 



[ 200 
02 



04 



400 



600 



800 



1000 



[Drawing 15] 



o 

-J 




a p 



[Drawing 16] 




[Drawing 17] 

C START ) 



-S401 



-S403 



1 r^m^t^^mmk^^'^'^^^ 



•S404 




YES 



S407 



[Drawing 18] 

10 I 




T 2 3 4 5 6 



[ Drawing 1 9] 

C START ^ 





• 


















L $504 



'S50t 



■S502 



■S503 



S505 




NO 






S506 




^ 





[Drawing 20] 




100 



200 300 
Hz 



400 



[Drawing 21] 




300 

m^&ssi Hz 



600 



[Drawing 22] 




200 



aoc 



400 



500 



m^n Hz 



[Drawing 23] 




ii 11 « 

l> If W Mpll 
II II tl I M 1 1 
JU..II-lb.i.UU,. 



100 



200 



300 



400 



500 



mjm Hz 



[Dra wing 24] 




sec. 



[Drawing 25] 




[Drawing 26] 



0 

HO 
-20 
S -30 
-40 
-50 
-60 













111.. 


iiillliiiiliiif iiliililiiiVlii il 




IP 





200 



400 600 
Hz 



800 



1000 



LQ/AwingLlTl 



20 
15 
10 
5 
0 
-5 
-10 
-15 
'20 












— r-- 1- ■ — -1— 1 









0.1 



0^ 



03 



0.4 



0.5 



[Drawing 28] 



m 
x> 



'10 
-20 
-30 
-40 
-60 
-60 



T 



I I. 



2000 4000 6000 fiODO 10000 
Hz 



[ Drawing 29] 



^ —I 



20 
30 
40 
50 
60 
70 
SO 



, f i , 


iiliii'lKiili 








T 








II r ■ 



200 



400 600 
Hz 



800 



1000 



JP 2004-211813 A 2004.7.29 



(19) E14af«8¥lT(JP) 



m^jk s(A) 



(43)^SrMH 



4$H2004-211813 

(P2004-211813A) 
¥A16«7Ji29B (2004. 7. 29) 



(51) Int. CI / 
F16C 19/S2 
B61 F 15/12 
F16C 19/38 
F 1 6C 33/58 
F16C 41/00 



F 1 



F 1 ec 

B6 1 F 
F 1 6C 
F 1 6C 
F 1 6C 



19/52 
15/12 
19/38 
33/58 
41/00 



2G024 
3 J lOl 



msmm ^mm mmm<Dm sol (± 23 m) 



(21) SiBm^ 


W«2002-382635 (P2002-382635) 


(71) ajBA 


000004204 




(22) mJHB 


^^im2H27B (2002.12.27) 


















mi?f?66;ri EAWl T g 6 » 3 ^ 






(74) m 


iA 


100105647 




















(74) ftS 


lA 


100105474 












#3ffi± 








(74) m 


IA 


100108589 




















(74) ftS 


IA 


100115107 














m 






(74) ftS 


IA 


100090343 












#9± MS 

















(54) imn<o^m wmmmammmvi^m 



(57) 



0. 75^t/H^l. 05 



BH) = mmnm-pmp^m 
11 




JP 2004-211813 A 2004.7.29 



1 12 



[ # fF if ^ © IB H ] 

im^m 1 ] 

0. 75^t/H^l. 05 

Cat ^« 2 ] 
[M^:^ 3 ] 

^ 4 ] 

^ M O ffl W S S e o 

C 5 ] 

mt^-t y V ^ iff h T m nrc-m & ^ mm^'h'^ ^ m^comn (omm^mm-r ^ c t ^ 

[ ^ o P ffl ^ ] 
[000 1 ] 

[ 0 0 0 2 ] 



[ft 5 



[ 0 0 0 3 ] 



=1 X h 



[ 0 0 0 4 ] 



10 



20 



30 



40 



50 



JP 2004-211813 A 2004.7.29 



[ 0 0 0 5 ] 

[ 0 0 0 6 ] 
[ 0 0 0 7 ] 

[»ffi^»fe^-r s rc46o^®] 

0 . 75^t/H^l. 05 

(2) mm^mmms^ii. mmmiti^ ^ m^(DM.mmicmm-s n t ^mm t-r ^ (i) 



10 



20 



(4) c i:^#|gti:-r S (l) ~ (3) ontiii^O 

^ t ^mm tt ^ (1) ~ (4) connt)-^(DmiMmm(DMmmm^mmo 

[ 0 0 0 8 ] 



■b^ i}^ ^ m tl ^ Bimt ^ 1: # ^ o 

[ 0 0 0 9 ] 
[0010] 

o T o 
[001 1 ] 

I*IM3, 3 It. mm 1 0±tcH^*nT43D, :*f*l Oi:i:t>JcilI^-rsiilt5lit?fe^o 

I^$ft3, 3©^g®jca, ^n^tlF«9l»flii 3 a , 3 a ^ S tX T D > <1 5 4 « . F*3 



30 



40 



50 



JP 2004-211813 A 2004.7.29 



too 1 2 ] 

. c54f4, nnwiMz a , 2 a ic r ^ n nmm t ^ o 2 (ommmfs^ 2 h , 

[00 1 3 ] 

:t^Jliy~;l6, 6 {± . i^ — ;]/^ — X7, 7 © F«g S fij fc: 5i D # e> n Ti-^ 5 o ;^ ;l/ — 

;i/ 6 . 6it. if\-m2Rzfff^m3m(om^^mKm±'^rL^:t^ ^ v — T.mommmf)'^ 

[0014] 

^ti> BoM9fiil©->-;V^-X7i:g^MLr*3Ds Hl^^tctti^' — ;!/^ — X7li:)hfLTtu 

— ^ — :^ 7 icm 0 it if ^ tiTc :^ ;V i/ ~ ;V 6 a , 1 3i:^Kigtt-r-Sc:i:Ji:J;0 

[0015] 

— 75■^ mm 9 (D^Mmic:^rc 1 ^^icits f^m s tmm i o t comiz, mMs^^^a 

^Snri/^So 8 MtiiSi D #tt e> nfc S/-;l/-;r-x 7 tt. 8 tllftSM L T ?> 20 
> * fc m M 8 M ® v- - ;V -Jr — X fc ^ t) ft it 6 ti :t ;1/ - ;V 6 (i . ft M 8 i: iH& ^ fl4 1" 
S d J; D X - ;l/ 6 8 K^SJi L T S o 

[0016] 

*IISB?^ft|-e«. :?l>ll2tt. ii^ow^ i: tb^r ^# 2 *■5»V^»P^gP 1 2. 1 2^ 

gpi 2, 1 2«. m^^micM hx (D ^ o -^m^^mrc^o 

0. 75^t/H^l. 05' • • (1) 

c ex. 

t : 2 (ommm 1 2 ic&if ^%:^mm-& (mmm 1 2 omm} so 

d : rtlif^^ 

D : nmnm 

H : ^ ;5 IRJ W ® = (^Ife^^- f^HrtS) /2 
[00 1 7 ] 

c(Dm^^ 1 2, 1 2•^■fe§^1.i|ift2^mM±^^:«^ s^^i^tcfev^T. m^(DmW}. 

m^itc^t^-t ^mmti^iEm-^ o ^^immmmxa. -b>^-9-*^sio#tte>n§^ii2 

(^^gpi 2. 1 2) (1) xmm-^ ntc ^ ^ icm^-^ nxi^ ^ . 2 

(Dm?^i}^±mA (1) (Dmmic^ :§> ^ o ^mm t-^ tifcm-^icii, m^i^^fj^ ^(d mm if^ 

[00 1 8 ] 

) fcEM^nsfcfe^ 2 o*#»t^<D*i±iHi!; (1) ^mfc-rmm^ 1 2^eit§j; 

[00 1 9 ] 

V^o 50 



JP 2004-211813 A 2004.7.29 



0. y -r xcD^#>£§tt t < < ^ D > « M tt 1^ ± -r 

[ 0 0 2 0 ] 

tt ^ # L r -g> CD $f $ L t/^ o M ^ -fe > :i - h 

y^om^icmyja. mm. mm. mm. mm. mm. 

[ 0 0 2 1 ] 

iz. u&mmm=? 2 2 h . mm.mmm^ 2 2 c Rzfm 



a $ n § o mm ( ^ - :/ ) « 
. mm. mm. mm. mM. wm. 

. mm. mm. mm. mmmy-(x 



2 it. ■b>'1?-2 2^fflV^fcS»^ 
l©^*i2©»l^§|51 2fC'feyi?-2 
^ 2 2 2\,t. H3 (a) iC^t ^6 

2 2 c*^-k>ity-x2 

3 (b) \n^-ri:o\n^ mmmif^ 

t^o ^^mm^ 2 2 b~2 2 d« 



10 



20 



[0022] 

m^omw <DmM^ ^ 
s 3 0 it. m^ii. m^(D^^]y 

[ 0 0 2 3 ] 
[ 0 0 2 4 ] 

4it. m I (O'r- -^immmv^^ 

3 Ifi. -r— ^f^ag|53 1 at 
3 1 cfc^^LTV-'So y^—^Wm 

^ ^ ^« ^ # # -r s f^^- ^ 

S C i: *^ rT 35 § o 
[ 0 0 2 5 ] 

mm-r ^ t^ic. « <d « is ij: i; 

[ 0 0 2 6 ] 
•*?->7°'J >y»5p^^g|5 3 1 h li. 

m^mm^ 2 2 d ^mti ltct ^ u 

#IS t? ^ t> , - +f {i . Xti^ 1 0 



b~2 2 d*^6.Stt®iofcm*T?fe^«M'fB^ 

^i5 3ii;. ss^iffgP3 2ii, ^m^m^f^ 3 3 
St. ttm.mmm3 6t. i^gi5'r-^?^#gi5 3 



7 



. •9->':/U>i^'g|53lbi:. ■9-y7'';>'^'S2p 

^3 1 a\t. #MtB^? 22b~22d*>e)fD 
"Z? ^ D ^ it ^ 'J — F X -r X # 



2 2 b~2 2 d*^?>3ll?)nfc«^^§it^t>^^WJ 
T#^*fgP 3 2, 3 3, 3 4©Mn*>li:#^;& 
g|3 3 1 fciil&nSMSt^T, H^-liri&A/Dn 



>' /S — 



^a5oA;^ja5 1 0 0 35)^6#e)n:rc« 
0 ^^n- uTS^ffl^ffiMic^^-r s 



S V> r > 
.1? - F # <D A 



30 



40 



[ 0 0 2 7 ] 



50 



JP 2004-211813 A 2004.7.29 



1 ct±. mmmmm^ 2 2 d p> (o m ti m ^ ti^ y-:^ v y ^mmm^^ 3 1 h is^m&Lfc 
mmmx ^^'^-^y^x^-^A.r-i^^m^icit, ^ (d y ^ x tf^ x z ^ m ic -d i,-^ r 

So Mi^^Klt. m ^ JV ffi $> ^ — mm HI ± t fS: -o X ^ ^ ^ 2;^A4oj;t;B^^mL 
, A *^ e> B (D^KOHfi. -r- i5t :7 -f 71/ ^MaiH5 3 4 RCf Ji»r5!j-«f gP 3 5 <D:^K L 

vh^o ■9->':^y^i^^»^P^Sg|53 1 b&D^-y-^i/u^iJ^^gps 1 c it. 'Z^th'^m 10 

[ 0 0 2 8 ] 

LfcSs^i±iKfijsgi5 3 eicjim-rso ^m^3 2a. ^j^(f^m^?o#tt (ensure is 

[ 0 0 2 9 ] 

EI ife tJi- *T 35 3 3{±. igj|te=^m^?22cA^e.Om;^«-^^»tC> I^|ft24. OSO 

^?2 2 c ifi. F^*l2 4^i:®i0#tte>nfcx>'r3-^i:^i.«r2 3(£:liD#it&nfclS©43 20 

^■csmM^mm^-vm^'^ nrh^^m-^icii, m^^mm^ 2 2 c ii^mti't ^m^it. x 

>n-^®?^4^i:|5Hte5iSJ£:]SCfc/Wl/X«^i:^So HI K 5^- «f 3 3 , x>:3-^® 

[ 0 0 3 0 ] 

mm^m^3 si&Mm^?2 2d3b^6.®m;tr®-^^»fc^ ittS2i{cM^LTv^s 

^WiHT^ F F TtP^gPT'^f). F F T <0 T ;V :d V X I. IC M"^ X . mmom^mx^^ 

m^mm35it. ? f t ^n'ymmmtLx. mmm^<Dnmm^^ib^:i^>^ti-fm 30 
a^ff v^, y ^ xoi&m^m^ ^ o icm^Lx ^i^^o skj^^^wsp 3 5 ^g^stcis i; t 

[ 0 0 3 1 ] 

-mic. ms:(Dmm,icmmhx ^i:, ^mmoymn m^Wimit. ms:<D±^-^. mW}»(Dm. 

it. y'-'^imm^mm' 3 1 tmm^m^ 3 5cDKf7^';i/i5fSQfflgi53 4^^ it. y ^ 

mwi'^m^ 3 5 icmm-r ^ ^ icm^hx\,^^o m.Mmmic^\i^x . i&mxmmti^mmL 
x\^^ ^m-^icit. m^it. 1 kH z&LTom^m.^^co3^^mm-r?>^oicmi^tnitj;: 

V^o 

[ 0 0 3 2 ] 

sfc. y ^ fV'^imm^ 3 4 It. mwity ^ jV'$imm^nt>T. mm^m^3 5 icxm-rm 

micM jt^ V fc y ^ ;v ^ mm^ n rc'^ic . ^ibx mmm.^m^n ^ icm^vx i> 
o c CD ^ o icmi^^ ^ ticii ■:> X i>. y ^ x^^mmicmmv. m&oM^^mi^ 
m^m^^o c t m t ts: :s> o 

[ 0 0 3 3 ] 50 



JP 2004-211813 A 2004.7.29 



. m 5 ic^-r ^ o ic, mwsi^KM-r ^^mtt^M^s n^mm^m-r o 

[ 0 0 3 4 ] 

A'^iHK* nr ii:t?^#-r 0 {'if 5 :7 ^' ;l/ ^ ^ -e^l 

[ 0 0 3 5 3 

§15 - « # 3 7 icmm-s ^m^iD^my^- ^ m(Ditmm7ty^~ ^ ^mm 

[ 0 0 3 6 ] 

t^o ^fc. '^sFn:^)■'£D**^^S#%^LTV^§«-&^^:«. e. CD ^ it jb^ ^ i; r v-* § i: fij »f 20 

[ 0 0 3 7 ] 

■fs: m m if iE> n ^ o 

[ 0 0 3 8 ] 



30 



[0 0 3 9 ] 

iXT'yfs 1 0 1) o ^m^nfcM^ij. m^c7)fiiti*T^iiiirg$n, a/d 

J; 0 -r ^ ;1/ « # ^ ^ S n S ( X -r >y 7" S 10 2) o i5f # ^ ^ M * tl fc 

m^(Dy :i- — -r y hKx. "f - ■^mm-^m^ 3 i tc-g^^n^ ixy^^ :/ s i o 

3 ) o 

[ 0 0 4 0 ] 

:kic. T^i^ -$1 ;vmmomm.m7.^-> h jv^^isb (X7^>yyio4) . ^nrcmmmy^ 
t ^ (X'X'yys 1 0 5) o y-<)v^mmu3Ait. m^x^rcy ^ jv ^mwi.iik9\-<Dmw.WL 

m^j^^m^-^ ^y ^ )V ^ miM^n^^ y y s i o e) . y ^ )V ^mv±<D f v ^ )V m 

n^mmid-m^3 5 Kmts-r o ^lt. lii&^^fias 3 5 a. :7 -1' ;i/ ^ m a m <d x ;i/ 

ji^lcaiy~<n-yMa^SIL (Xx>y>^s 1 0 7) . jc :y n — T'M fflft ® x ^ ;V « 

^OJS?Si5CX'^^h;l'^Afci6§ (X7^y>^S 1 0 8) o 
[ 0 0 4 1 ] 



40 



50 



JP 2004-211813 A 2004.7.29 



fc i> <D -e $> :i> o mmmii. mmm^Mic ixT©^ (i) mrcit (2) icm^^ tnm-^ n 

cmmm) = cmmm) +a •••(!) 
cmmm) = am^m) x p ... (2) 

[ 0 0 4 2 ] 

^ s i ( z f i ) . nmm^-» soczfc).^*!^*: ^-^i- s h a 2 f Rzfu^m 10 

^:9-Sc (fc) ^m&L (XT^yT'S 1 1 1) , X7^>y:/1 1 2 T' ff » ^ tl fc »2p# t 
(Dttm^n^ (Xxy:/S 1 1 3) o -^eUT. -r^TcDfig^ S^tf j; D /h^ i/^^ 

^ t a . W S t M # {* ^ ^ L T i: fij »f L ( X 7^ :/ S 1 1 4 ) . -f tiib'' <D ^ ^ ifi 

5 ) o 

[ 0 0 4 3 ] 



m± X ^ m-^ (0 m 7. ^ h jv ^ ^ n nm^-r ^ -i^^ ^ yx & ^ o 

riis X >^ n - t/r'- ^ ^ D . Smmti^-29. 3 d B i: L T ti 5. n fc 

74l^cs*«o^■Y:/^§l#^ fHmm^^ s c (zf i) , ^mm^^ s 
mmi^iM^ s h (2fb)a5:f«itf§ ^^^sc cfc) tttm^n^j t 

[004 

S § o 



M m 

( Z f c ) , 

^ no CD 



U 0 -^it^ t'g 

0 1 0 (CI 43 v-* T {i , 
tf - ^ S n T S o 



. a^fiij; D/^^A^ofco m-ox. nom^it. lEnx^^ tmmx'^ ~-n 

^^lifi^^)-So (Zf c) A'«»^fiJ;0'e>;^§<^ffiL.T*3D. 
S#;&'Sfil^ L T v^ S i:*iJ»T-r ^ ^ i: §o 
4 ] 

fi i: CD il: «^ tc d; o T f iJ if * n S fc J6 . 0 1 0 ^ <fc d ^ /J^ 
[ 0 0 4 5 ] 

g|53 6*'«^46fcMMf![X^^ h/VOPfT^m^^Sfc »2pfit JLX ± O -- ^ O T . M# 
[ 0 0 4 6 ] 

XxyT'S 1 0 8S-e(D?^n«s (1) cO:6"}4tfB®LfcfecDil|lI«-efe^fcfe=SfilS-r§ 
o 2f::^r^-e«> *-r#&tlfcM^6itX^^' h;l/cDlf-^^if-»-rS (XT^'yT'S 1 0 9) 

•r-^5^£r)^^;b^IE:^)^5>Afcft*3§^ftJiS^ggLf£L^ •€-©iE^cDSfc:^ofcMT'— :Jrfcil 

. 04 (ffi^) *\\%;S:iJv^tf-^ i:>S:oTV^S feco©^)t>&^>f^i;t-Sfci6. M S Jb'^' m g o S 
^tt (M^tfs 1X«-1) J;0:^#u->Xf4/h^v^^-a-fc(Oi?;t, tr-^J^i:;5:oTi/^§i:f 

[ 0 0 4 7 ] 

0 1 2 (4, jai^^i;cx^^h;v^^-r0T?sSo 

Yo)> B (X,. Yi)&D'C (X2X Yz 
o <lCD^-&. AilBilOM'r-cJf^i = Yi - 



12fc43V^T, 3li|-rS3^^A (Xq. 

) fc o u-* T fi . ^ B t! — i: o r v-v § 
Yo>Oi:^-pT:i3D. BilCilCDM-r — 



20 



30 



40 



50 



JP 2004-211813 A 2004.7.29 



- X 1 



M 46 
( Z f 
( f c 



. ^ CVm^^ (Yi - Yo) / (Xi - Xo) >l*fctt CY 2 -Y I ) / (Xg 

) < - 1 ^mrci^x ^m^. e ti^ — -ir ^ t mm t ^ o 

[ 0 0 4 8 ] 

1 ) s nmm^^ so cz t c:> . mwiiiiss.^ s h (2fb) s c 

) ^mm-t^ (xx>y:/s 2 0 3) o ^LT, tr-^j^jsmiis^^tii^^-r^ji^m^ 

s 2 0 4) o "tLx. ^ ^ ^ ■b^mnm^WLt — mvxr^^ ^m-^icit. m^^-r ^mn 
mm-icMm-r ^^ui<imnif^¥t±vx\^^^ tmrn-r^ (X7^-y7's 2 0 6) o E(omm. 



— sc L r v^^-a- 1 ^±^ b i: mmT^ cxx ^ s 2 o 5 ) o 

[ 0 0 4 9 ] 

(3) &:^mmmtmM<Dmmm.^m^^^:^m 

2:^ CD fit. ^ Lxm^mmm.(D 4m(Dmmm^^'o 4^A<Dmic-D\^^x (Dmmmum 
m ic m ±T ^ m ^^m. ti^ — m L X ^ ti-^ E o ^-^ ^ itm . < t i> 2 -DommwiK^i^^ 



m 10 



X 



^ 1- 



1 3 L^*'' 6 , I 



— o T § ^ 

^ § o 

[ 0 0 5 0 ] 

(1) cD:7n — i;|W|«-efe§o *7j?*"ea. it«^ti:43V^r. ^-THl 3fc^-rJ:'5fCs 
■e 35 ^ ^ 5 f J »T -r § ( X 7^ y >^ S 3 0 1 ) . X ^ h ;!/ O fit ;«3^ . » ^ fi ft( ± T- 35 § 



fc ^ -a- « ^ X 7^ >y y S 3 1 1 j1 ts- 



[ 0 0 5 1 ] 

X'T^T'S 3 0 2 t?tt. M'^^tC^^-r^S*^53'02fg©JS?SiS5^feO2^^5)-© 

, mmm.u±x^^m^\^it. 2^Am'^is^-m.\^rciLmm\^. xt^ >y y s 3 2 i -e^^^ 
1 2 ^mtso 

[ 0 0 5 2 ] 



2p Jix ± -e 35 § 



Kit. 2^k^^is^~ML\^rctmm\^. X7^y/s 3 1 2^mts 



— 73. — ^L**>ofc±l^fc», X7^y:/S321^^i*^^ KSf@mfcM#tifil*LTV^ 
[ 0 0 5 3 ] 

X'ryT'S 3 1 2-eti. S#^ti:^^-r§S:*:fi!c^i-tD4fg(DJllg^m^feO4^^:J)-£0M?t 



a, 4 — a: L fcfcfiJ^L, X-ry7°S3 2 1 Xm^^U 



[ 0 0 5 4 ] 



1 4 ^4 *M til H 35 § 



X'^i^ h;l/^^-r0T?355 



» ;S JS^ ^ 1? 35 5 

B t?35 s^-a-fc «^ 1 ^^ 2 i^acj^ 4 ^cD^:9•■r'^T^^:ov^T^ x^^' h;i/offlj&'«a*i[ 

iX± i: ^ o T l.^ -i. <1 t t?*^ § o U-oX. :^yj 'Xii (D ^BtMK ^ K> . S « fS^ U T 



20 



30 



40 



50 



(10) 



JP 2004-211813 A 2004.7.29 



[ 0 0 5 5 ] 
[ 0 0 5 6 ] 

■^^^ mi 3®-7n-^-v— h-etis 1:^. 2^. 4 (D miCitm ^ n ■::> fc ti^ . \£ — ^ U 

tgT'^Ds ^illc^K%^*B-r S c i: Rr*6-e35 5 o Sfcx iB -a- 13 § ^ m ^ 1 L T 

[ 0 0 5 7 ] 

(4) s#^»f i:^*fcaii<D;^#^%it^-rs:^^ 

(1) ~ (3) t^ov^T^ mn<DmM^Bmhrcif, iXT©.fc 5 LT^ 

-rsTfe-So 0tc43i.^r. jgjg^mzfc til :^#:g:^^-^'*^^ Mill $nT43 0, ^m^mmif 

[ 0 0 5 8 ] 

m^s^^hrci><Dx & ^ ^ ccDjc^r. —BffiK, ^^;^Mfi^ mm (oiz ^ ic ttm h r 
m:kt ^ rob. Mic. mmm^^:^^ ^ h jv'r — ■$1 d 1 ±<D \^ — i7 ic ^ :s> u ^ ;\/ m ^ m 

m^r. mnt/^^m-s nrcm-^ic, mm.m^'^<D 1 ^Momi n tmmu^;v l 0 tou^ 

[ 0 0 5 9 ] 

3.4. • • • n ^(Dm^m.^W'O 2 . 3,4, • • • n:^(OU^;VffimmmiH±t^^ 

) - (n-l) • a} (dB) i;i±X^ ^m-^K. tl ^ y h^^o o C CX. " a" {iffi 
[ 0 0 6 0 ] 

1 OSfcM-SST-tDMSiilwi — -C-^§o 0 1 7 icit. X-ry^S l 0 8iXPi<OMa%^-r 

o 

[ 0 0 6 1 ] 



(11) 



JP 2004-211813 A 2004.7.29 



(2. 3. • • • nis) (DmmwLicnmT^mmm.:^^-^ hJi(Du^;i^^n^nm 

[ 0 0 6 2 ] 

m:^t^^ 1 :k(Dm^MmthX. #2, 3, 4, 5 i^J^i^-cD P^;V£D5i^%ff 5 
(X-r«y7"S 4 0 4) o dd-eti, ^Mia'O^'^ { (li^Olx-^;!/) - 3 (n • 1) 

} (dB) Jx±T'^§i®-g-fi:, mnm 0 o:^ ^ y h ^ o Mi^mKit. i^^Tcom-^iz, 

( 2 ji-o > ( 1 W'^/V) -3 

(3:^^^)-®U^;l/) > (li^fiSc^J-cDb-^;!/) -6 
(4^^^©l^^;l') > (i:^^:9-cDl^^;V) - 9 

i 5 ^A^^<D > i \ :k^^(D\y^)V:> -1 2 

[ 0 0 6 3 ] 

T. m^^r^^nmW^^n o (X-r>yys 4 O 5) o CC-eti. 2j@J.X±smWDcD:^7'J' 
>' h n ti\ R^e^lc^mW D i:*!J»r L. 1 T n tf . L i: if "T S o 

[ 0 0 6 4 ] 

01 RfSdaW^ i^%2 1 5mm. F^^l 00mm. ili4 7mm. 4) 

:^|^3 0 0mi n~ ' ■ei*I#^IelK^-lJ:fci:#CDj^JE^l[7:^^h;K7)U.^;Vi;a-£pei:© 

# 2 i^iX±©^^^©fflti:. |iJSa-^ISiX± ^ o T § iE^t«c 

[ 0 0 6 5 ] 

mmm.^^ismmm.^<Dm^m tit. m^m.W(ou^jv<ommw-i^i^rcit/-^--y ^ jv^- 

;a--;l'Tfe§o #^ © ^ K K O ^ « 9^ "T § 

[ 0 0 6 6 ] 

[t5[ 1 ] 



(12) 



JP 2004-211813 A 2004.7.29 



y,=-y^,-p4 • • • (1) 

Si=|p, • • • (2) 

VK*,s=;^|^'i-pj • • • (3) 



f 

N-Afs-^ • • • (5) 

2 



Pi : «?SI» i k: *5 ft * ;^ h;i/©|| 
[ 0 0 6 7 ] 

^J^h;I/»ffiST?(DMa{i> 07O:7n — hOXT^-yT'S 1 0 l—X-ry^S 1 0 8 

[ 0 0 6 8 ] 

. F«3im, IteKj**:, i&t^^it^) Stil^ttiL (X7^>y^S5 0 1) . ^ffi^tlfciS 

) > s:tf^ m^m^.^^ h ;v(Dmm±ii.<D B mw-i^ (Vr m s ) xti^-/^-*-;!/ c 

So a) '^^^ ^JEMitm^wm-r ^ (x-r>y:/s 5 0 2) „ ^lt. mmco — ooi^^sSc 

(Vi) Xtt>'^-s^^;l/:t->'^:4--;V (S i) %BulBiE^ift#[ (Vrm 

s X«So A ) T'l^bfcttXfiM^^Ofii^^ffi-r^ (XT^^ys 5 0 3) o 
[ 0 0 6 9 ] 

fentf <i: v^o "tn&Lnom-^it. mn^L tmm-r ^ (XT^yT'ssos) <> 

[ 0 0 7 0 ] 

o 02o®:fesS5fi^ (io~2 0HzfefcD) icit . \^ - m ^r&W^ ti^W^T ^ o ^ 

<D:X^^ h JV-^i^OJ^m^^BV ait^ 0. Q 1 & X^?>o m 2 1 (DM&T ^ 7.^ 

^h;l/^#:cDgS¥i^fii Vnti. 0. OOST^S^So ^ H X ^ -f iC Mm T ^ m'^ 

m'^^m (»* iijg^isc) KMLrmm-r^mmmwmm^ 2 H z tr ^ commie 

*3tt ^g^Ti&ffi^V-eiEMfbLrcfiltt. 02OCD^-&9O. 7 8-eSf).02 1CD« 



JP 2004-211813 A 2004.7.29 



-x^ ^ t t> ti^ ^ o u -D X . 9 0. 7 8 i:38. A 7 (o m^itiEn m h <D 

§ C t T # ^ o 
[ 0 0 7 1 ] 



2 2Rtf02 3tt. 



© ^ ^ f 



2 2 (i, nm^m^. 



X ^ h JV ^ y 9 y T & ^ o !l(DmV!,^, 50©ja?giSCtr-^'*"iMS!l^nT:fet>. » 

*^ig^^*^e> ^©MltBSic 2:^^:9-*^e. 5:^^:9-*-?f*^«i!l^nTv>5o -75•^ 

3«. H 2 2 (CjtfjS-r §iE#^£Dma!lx-^ -T?^ D > #M « M fc 6 ^ V^ o 

[ 0 0 7 2 ] 

<D i^m^i^ MX lEMith remit > M2 2<Dm-^itii. 6 4-ea5D. m 2 3 (om-^it 5 . 
1 9ii*§o c cxs 5 :k(Dmmmtit. m^m^^^ti-' ^wl^x s ms <o\f — ^mm-r 
§o sm^w-r §^-a-«> mn^Kit^xm 2 . 2 mjEmitvrcmii^i^^x^^ c tti^^ti-^ ^ 

. L ^ m Ji: K> :k ^ m icit . K mnii^^^L X ^ tnm-T ^ ^ t i:i^x ^ ^ o 

[ 0 0 7 3 ] 

§0 j;t:^*ij^gi53 6tt. c ti p> (D^mo o "bmrnomm^^m^mi^x mnmm^n ^ ^ ^ 

L r J: u^o «lgCO*iJif;6-&te: J: D . M# fJ ir "T 5 C i: , Sm^if ® iEW S 
[ 0 0 7 4 ] 

7^- 3 8 i:bKfiJSfP3 6cDfiJ^^m^«#t-^«#g|5-e3&0. /n-Ft^ 

^'X^^^^^y«<*:#-ea^*n«o -r- ^#i«m;^fgp 3 8 Jt fd ^ IfP 3 8 O ^|MJ ^ 

m^^mm^ 4 i RzfmMmt)^ 4 2 icmtj-r ^ ^ ^f - i^^mmmtim 3 8 it. mm^ 4 1 -\ 

[ 0 0 7 5 ] 

wmmm^ 4 0 



wmmm3 0 (D^^m^m^m^^^^mMom^mmxm^T ^ 
^j^rff^t i^x (D^mmti^ 4 2 1.. m^2 1 ti^m.^j^^'^nxi^^^mmommmmomif^ 

[ 0 0 7 6 ] 
[ 0 0 7 7 ] 



M ^ gi5 4 1 « . m^if. 



mm^ 3 0 ©fij^iigm*^ 



© @ S JS 



mmmxit. mmoty^ 2 2 it. m^mm<Dm^<Di^m^mmxwi^L. mwmm^3 
oit. mi^-^ ntcT^- ^ icm-:5^m^xmn^mT ^ ^ 5 icLx\^^ ^ o m^x. mmmm^ 
4 0 it. mn-h'^n^LrciE>mmKmn^mmv. mmomm^n o o ip-s, mm. ^?^m. 

[ 0 0 7 8 ] 

-fe ^-9- 2 2 #(cs!i^%ff 5 J: 5 L T J: v^ m rcitmmmmmicm'm 
^ n o ^ o izm ^ h X mto rj: , ^tc, v r ^ ^ j^icmnmm^n o ic. 

mnmicitmmRzjrm^'f-'$i(Dmm<o^^n\^^. m <Dmm x mm ^ n j: 5 t^fig 



10 



20 



30 



40 



50 



JP 2004-211813 A 2004.7.29 



[ 0 0 7 9 ] 
[ 0 0 8 0 ] 

sfc, mmmm^ 2 0 <Dfti^ 0 ic. ms cc) icm^^oic mwmmms o tmmmm 

^fr 5 -fe ^'•it 5 2 ^ffl T J: V^o HKD-tyVlt. ilfigp 5 2 h L T. MffMaSP 3 
[ 0 0 8 1 ] 10 

<i(D ^ ^ icm^-r ^ ^ tic J: I) ^ mmmm^z o tmwmm^ 3 0 KoiB^#^#j«-r s 

« ^ L T t> S V> o 
[ 0 0 8 2 ] 

0 2 4{±, *IISS5^^C»WlS^«l£J:D^mLfclii(f«^O^K?S?^%5^-ri^^:7-pa& 

^LT. 02 5JitfH2 6a. * tl ^niS 2 4 © ^ ^ O JS X ^ h ;l/ 43 J; 

[ 0 0 8 3 ] 

. ^LT. mzsRxfmzBit. ^n^^tiH 2 7 cD^^jsj^^js^mx-?^ h;i/*3 
^^n-T'Ma^ojiiS^^x^^ h;i/^^-r :7-efe§o t^*<^>ttSS«t «s 024 
~2 6-eiH^$n§^^e-^'tc>i>f/SLfcfft*'«stte.nTv^;i.o L;^)^L. 02 4 titm^ 
. la 2 7 nr^fe e» f'. H2 8S.t;02 9fc^$n 

§ ^ h ;v^MT M^s^^^v^ tr- ^ ttjsnr <intt> y-rx^^3&^~ 

[ 0 0 8 4 ] 

[ 0 0 8 5 ] 
[ 0 0 8 6 ] 

^M^^icnmmm^^mif . ^m^'f^^m^ mfrcm-^ic. m^m^ tr^^^ m^r. m 
[El] ^^mic'^:§>mMmmm(Dm^mm^^tmxh^o 50 



JP 2004-211813 A 2004.7.29 



2 J 

3 ] 

4 ] 

5 ] 



6 ] 

7 ] 

8 ] 

9 ] nmicmnti^m^vxi^ ^m-^(Dmmm.:^^';7 h;i/%^-r^^7-e^§ 
1 0 ] unmicmti^s>^ 



1 
1 
1 



m 1 

1 

1 

a 2 
m 2 

2 
2 
2 



1 
2 
3 
4 
5 
6 

7 
8 
9 
0 
1 
2 
3 
4 



m 2 (Dj^^lC:tol^f 



2 5 



^ (D 



CD ]y 



{=3 
1=1 



(o y u 
coy X2 

CD "T? 5 

SO :7 n 

a CO :7 n 



S o 

h )l' f ~ -^^ ^ M ~ h 



10 



-2p U ^ ;P 



CD 



7.^^^ h ^ ^ ^ y X ^ ^ o 

7.^^ V )\/ ^ y x ^ ^ . 



20 



0 2 4cD^KjSJ^£DjiMmX^^ h;l/^^-r^^^7T'feSo 



30 



2 7 
^28 
3 2 9 

1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 

1 3 

2 0 
2 2 , 



It 



40 



BU 



;V h 
5 2 -fe :ytf 



50 



JP 2004-211813 A 2004.7.29 



3 0 m»mm^ 

3 1 "f - -^mm^m^ 

3 2 mm^m^ 

3 3 mm^m^ 

3 4 y ^ ;l ^ ^taasp 

3 5 mm-^m^ 

3 6 itmm^^ 

3 7 rtg|5-r-^ffi#gp 

3 8 T'-i5r»«m;bg|5 

4 0 MPMaas 10 

4 1 mm^ 

4 2 ^mtfi;t)g|5 

5 0 m^m 

1 0 0 Xtl^ 

2 0 0 W^^B 




JP 2004-211813 A 2004.7.29 



[0 3 1 



(a) 




im 4 ] 



1 



3.1a 



31c 



-31b 



(b) 




-100 



(c) 



52b 



52c 



52d 




52h 



[as] 





X > ^ n - :/ifl.S^<Drailfe«k 


pm (Si) 


Zfi=^^H-2j^cosa|z EHz] 


^li cso) 


Zfc=^(l-§|-cosa)z [Hz] 


|gn<4: (Sb) 


2f b =f r ^1 -§^cos* aj [Hz ] 


m^m (sc) 






fr:(^«S[s]|g^ [Hz] Z:4gAf»:CD9K 
fc:«i#»EHEM [Hz] fl:fr-fc 
fbimmi^^fimm EHz] OatlEHif^iKtl [mm] 
dm: fcf y f^We^ [mm] a CiK] 



(18) 



JP 2004-211813 A 2004.7.29 



im 7 ] 



C 



START ) 



-S101 
1~S102 
-S103 
] — S104 



S105 
S1C36 



■—SI 08 



sni 



S113 




S115' 



( END ) 



S109 
S112 



S114 



im 81 




M 



[09] [010] 




(19) 



JP 2004-211813 A 2004.7.29 



[011] 



S206 



C START ) 



3: 



^*nmnJt^So(Zfc) 




'SI 01 

'S102 
'S103 
'S104 
-S105 
'S106 
-S107 

S108 
S201 
S202 

-S203 



S204 




[012] 




200 



AOCa. Yd). B(Xi, Yi). COb. Yait tit 

i i(=yi-Yo)>0. -(D 
«2(=Ya-yi)<0. ~@ 

dy/dxKYi-YoWXi-Xo) > 1 

dy/dzKYk-YiVKXs-Xi) < -1 




[014] 

. Zf C (2!fc) (4»:) 



-10 

-20 
-30 

-50 
-60 



1 1 
1 r 








1 1 J i 


1 . 


iifiiniiiiiiiiiiii 

J., il ii 'i \ i Ik ^Iiil. 1 i 111 1 1.1 ii 1 i .'1 :i, 

Hi iiHIIIIWIMill 


l4 1 ■' J X 3 I 1 1 

ft 1 


■ 


1^ 



400 



600 



800 



{ 200 

1.2, A^0>^a>m^^m'&(9^u^-r) 



1000 



(20) 



JP 2004-211813 A 2004.7.29 




1 7J 

C START 0 



^m^izmmt^m^A^js.^. 




-S401 




-S402 




-S403 








NO 






S407 






(21) 



JP 2004-211813 A 2004.7. 



[E 



1 9 ] 

C START ) 



5501 



3502 



'S503 



♦ S504 



S505- 



YES 





S506 





C END ) 



[020] 

3 



2.5 
2 

1.5 
1 

0.5 



11 


t i 
1 1 
1 1 




1 1 
1 f 

1 












K 

u. 





200 300 

mi&ik Hz 



400 



500 




200 300 

mm^ Hz 



400 



500 




200 300 
mfA& Hz 



400 



500 




200 300 
mi&U Hz 



500 



cia 2 5 ] 



0 
-ID 
-20 
S -30 
-40 
-50 
-60 











■j'i !"•»•;" ; 








mmm 


IAHHIIillW.'U:,^!., ^ '1 



2000 4000 6000 
hiz 



8000 10000 



[H 2 4 ] 




[026] 



0 

-10 
-20 



S -30 



-40 
-50 
-80 













1 












h- 




1 II 




LiL 


Li 




L 




Utii k 


liii,\A I.I .(1.1. 


warn 










TT| 


jrppirpTT-in-f 










■ ' 







200 



sea 



400 600 
Hz 



800 



1000 



(22) 



JP 2004-211813 A 2004.7. 



[027] 



1 0 '!<• •• • ' p ' ' ' 1*'!* ' . I ' j" ■' 



2 8 ] 



0 
-10 
-20 
S -30 
-40 
-50 
-60 



I L 



lllttMiillliu; .... . "'1 



1. 1 



III 1 .1 ! I l> 



2000 



4000 6000 
Hz 



8000 10000 



2 9 ] 



-20 
-30 
-40 
9 -50 
-60 
-70 
-80 



, 1 1 , 




iJkiiim^iitiriiiUiH'iu 


• I" 1 \Y 


r ' f ■ ' li 


1 ' 11 '* 








1 



200 



400 600 
Hz 



800 



1000 



(23) 



JP 2004-211813 A 2004.7.29 



(SDlnt.Cl.' FI (##) 

G 0 1 M 13/04 G 0 1 M 13/04 

n^inmmummmmE-'Tm 5#5 o# a^sx^^ttp^ 

F^— 2G024 ACOl BA27 CA13 DA09 FA02 

3J1G1 AA16 AA25 AA32 AA43 AA54 AA62 BA54 BA56 FA24 FA26 
FA41 GA02 



